Providing the foundation for the entire hematopoietic system throughout the life of an organism, limited numbers of hematopoietic stem cells (HSCs) must remain largely quiescent, only entering the cell cycle when required to provide differentiated progeny. Indeed, the quiescent state of the cell cycle is believed to be indispensible for the maintenance of HSCs. HSCs must balance their entry into and exit out of the cell cycle to preserve the HSC pool while maintaining required numbers of mature blood cells.[@R1] Central to this balance is the highly specialized bone marrow microenvironment.[@R2] One of the primary roles of this stem cell niche is to shield HSCs from environmental changes that may affect their cell fate decisions and those of their immediate precursor progeny.

Much of our understanding of stem cell biology has come from investigating their behavior under normal physiological or "steady-state" conditions. Similar to Alice discovering an unexpected view of the world through the "lens of the looking-glass" in Lewis Carroll's *Through the Looking-Glass and What Alice Found There* (1871), researchers are discovering unexpected stem cell behaviors by evaluating their function in different pathophysiological contexts. By exploring the behavior of HSCs during hematopoietic stress, new findings are expanding our understanding of HSC biology. Identifying factors that control HSC function during physiological and pathophysiological conditions holds promise in improving current strategies to treat hematological malignancies.

Infection is a common stressor of the hematopoietic system. In providing a first-line defense against invading pathogens, cells of the innate immune system (neutrophils and monocytes/macrophages) are mobilized to the infection site, undertake their respective functions, then undergo apoptosis and pathogen-mediated cell death. This consumption necessitates a feedback mechanism to maintain homeostasis of the blood system and immune competence. Recent studies shedding light on this "demand-driven" replenishment strategy have altered our fundamental understanding of the reactive capacity of HSCs and the protective function provided by the hematopoietic stem cell niche.[@R3]^-^[@R6] Analysis of the hematopoietic response to infection has demonstrated that long-term repopulating HSCs are instructed to enter the cell cycle and expand in number during inflammatory stress. The response of HSCs to infection is likely to be multifactorial, relying on both direct and indirect mechanisms. HSCs have been shown to possess Toll-like receptors (TLRs), an ancient class of cell surface receptor that directly recognize invariant components of infectious particles termed pathogen-associated molecular patterns (PAMPs). Engagement of these TLRs with their respective PAMPs can enhance HSC proliferation and skew subsequent lineage commitment.[@R7] Infection may also influence the specialized stem cell niche microenvironment, altering the cytokine cocktail produced by osteoblasts and other stromal cells that would normally maintain HSCs in a quiescent state. Most evidence connecting infection and the HSC compartment suggests that infection-responsive changes in HSC function are mediated by inflammatory cytokines, such as TNF-α and IFN-γ, generated by the immune system, most likely at the site of infection.

Our group recently contributed to the growing literature implicating HSCs as reactive components of the inflammatory response to both chronic and acute infections.[@R8] Using the zebrafish larval hematopoietic system as a surrogate for that in the adult, we described a new signaling pathway linking bacterial infection to HSC expansion and lineage commitment during demand-driven hematopoiesis. Zebrafish embryos and larvae are a well-established vertebrate model system for investigating both the host response to infection and blood cell development. Exploiting the optical transparency of live zebrafish embryos, we previously demonstrated the potential to live image the innate immune cell response to bacterial infection and the behavior of HSCs during "steady-state" conditions.[@R9]^,^[@R10] Observing HSCs through the "lens of infection"' revealed zebrafish HSC numbers expanded within their larval hematopoietic niche in response to infection. Further analysis revealed these HSCs directly contribute to replacing neutrophils lost as a result of bacterial infection. By coupling the live imaging and genetic tractability afforded by the larval zebrafish system we uncovered a novel mechanism, whereby the cytokine-inducible form of nitric oxide synthase (iNOS/NOS2) acts downstream of the transcription factor C/EBPβ within HSCs to help control their expansion in response to inflammatory stress ([Fig. 1](#F1){ref-type="fig"}). These results provided new mechanistic insight into how the HSC compartment is a direct responder to inflammatory stress. Future studies are required to delineate the mechanism through which infection-responsive NOS2 mediates HSC proliferation, and whether this pathway can be manipulated for therapeutic benefit. Employing a transparent live animal system also enabled us to identify infected larvae that were almost entirely depleted of neutrophils prior to becoming repopulated with neutrophils derived from the demand-driven hematopoietic response. Whether these "replenished" neutrophils are functionally equivalent to those they replace or are "primed" to provide enhanced innate effector function is the focus of our current research.

![**Figure 1.** Observing HSCs through the lens of infection (represented here by Alice looking through the "lens of the looking-glass" to observe HSCs in the context of infection) reveals the previously unappreciated signaling pathway controlling infection-responsive HSC expansion. Images of HSCs are from live transgenic zebrafish embryos. Adapted from John Tenniel's illustration in Lewis Carroll's *Through The Looking-Glass And What Alice Found There* (1871).](cc-11-2969-g1){#F1}

In summary, these studies have altered the traditional view that HSCs are shielded in a protective niche where they remain dormant and only activate in response to acute stress. We can now view HSCs as reactive components of the immune response whose activity is constantly "fine-tuned," potentially in a pathogen-specific manner, to help the host generate a "tailor-made" hematopoietic response.
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